Seventy five hybrids generated from crossing three cytoplasmic male sterile lines with 25 testers were studied along with parents for combining ability and gene action involved in expression of characters in rice. The GCA and SCA effects were significant for all the characters except seedling height, indicating the importance of both additive and non additive genetic components. The ratio of gca and sca variance was less than unity for all the characters also indicated preponderance of non additive genetic variance and suggested good prospects of the exploitation of variation through hybrid breeding. Amongst the parental lines, UPR-2080-24-1-R, IR-60076-1-R, PNR-165-10-6-R and IR-58025-A were found to be good general combiners which can be taken up to generate desirable segregates for further selection. None of the crosses showed significant sca effects for all the characters. On the basis of per se performance and high sca effects, IR-58025-A x CSRC-50-2-1-4-BR, PMS-10-A x IR-42688-2-118-6-3, RPMS-100-A x UPRI-92-79-R and NMS-4-A x IR-32419-28-3-1-3-R were good specific combiners for grain yield plant -1 and their components which could be used for exploitation of heterosis for yield.
INTRODUCTION
Rice (Oryza sativa L.) is the staple food for 65 percent of the global population and forms the cheapest source of food, energy and protein. But it is an unfortunate paradox that yield of rice, the staple food of Southeast Asia, is lowest in the area where the crop has been cultured extensively since ancient times and the plant exists in its greatest varietal diversity (Khush, 1997) . To meet the food demand of the growing population and to achieve food security in the country, the present production levels need to be increased by 2 million tones every year, which is possible through heterosis breeding and other innovative breeding approaches (Pandey et al., 2010) . To increase production and productivity in irrigated ecosystem, innovative breeding approaches are needed. Development of rice hybrids with yield advantage of 30 percent over the existing hybrids is the turning point for increasing production and productivity (Yuan, 1994) . Further improvement in parental lines will give a steady increase in hybrid yield (Ikehashi et al., 1994) . However, varieties good in per se performance may not necessarily produce desirable progenies when used in hybridization. Knowledge about combining ability is, therefore, important in selecting suitable parents for hybridization, proper understanding of underlying inheritance of quantitative traits and also in identifying the promising crosses for further use in breeding programme. In view of above, the present investigation was under taken with the objective of studying the combining ability of rice genotypes for yield and yield attributes.
MATERIALS AND METHODS
The three cytoplasmic male sterility lines viz., IR-58025-A, PMS-10-A and NMS-4-A possessing 'wild abortive (WA)' type of cytoplasm, were crossed with 25 genetically diverse pollen parents viz., IR-32419-28-3-1-3-R, IR-64-R, IR-47310-94-4-3-1-R, IR-29723-140-3-2-1-R, IR-54771-29-2-1-R, IR-52256-9-2-2-1-R, IR-59915-140-3-3-3-R, IR-42688-2-118-6-3-R, IR-70-R, IR-60076-1-R, IR-10376-49-1-1-R, PNR-10-6-R, JR-82-1-10-R, HUR-3021-R, BTC-E 509-96-1-R, UPR-2080-24-1-R, CSR-21-R, CSRC-50-2-1-4-BR, RP-2932-2528-R, CSR-50-2-1-1-4-BR, CSR-32-B-B-1-BR, R-971-2505-2-1-R, AS-9-19106-R, RP-3441-MRST-43-1917-R and UPRI-92-97-R in line x tester (L x T) fashion. A total of 75 F 1 s were produced during wet season 2008. The resulted 75 F 1 s, their 28 parents (25+3) and standard checks i.e. Narendra Shanker Dhan-2 were evaluated in Randomized Block Design with three replications at the Genetics and Plant Breeding Farm of Narendra Deva University of Agriculture and Technology, Kumarganj (Faizabad), India during wet season 2009. Thirty days old single seedling hill -1 was planted at a spacing of 20 x 15 cm with three meter length row having three rows in each entry. The experiment was conducted with normal package of practices with need based plant protection measures. Observations were recorded on five competitive plants of the middle row of each plot for 12 quantitative characters. Observations were recorded on seedling length (cm), number of leaves plant -1 , days to 50% flowering, plant height (cm), number of effective tillers plant -1 , spikelets plant -1 , filled grains panicle -1 , spikelet fertility (%), 1000-grain weight (g), biological yield plant -1 (g), harvest index and grain yield plant -1 (g). Standard statistical procedures were followed for analysis of variance of combining ability (Kempthorne, 1957) .
RESULTS AND DISCUSSION
Analysis of variance for different characters revealed that the mean squares due to males, females and males x females were highly significant for all the characters (Table 1) . This indicated that the treatments had wide genetic diversity among themselves. The significant F value of male x females showed the importance of specific combining ability effects for the expression of those characters in the crosses. These results emphasized the importance of combining ability studied and indicated good prospects for selection of suitable parents and crosses for the development of appropriate varieties and hybrids. The partitioning of combining ability variance into fixable and non fixable variances indicated both additive and non additive gene action playing a significant role in controlling the expression of all the characters. The ratio of GCA and SCA variance was less than unity for all the characters also indicated preponderance of non additive genetic variance and suggested good prospects of the exploitation of variation for yield and yield attributes through hybrid breeding. Similar results were reported by Kumar et al., 2007; Singh, 2008, Salgotra et al., 2009. All the parents with significant negative general combining ability (gca) estimates for days to 50% flowering and plant height while, significant positive gca effects for the remaining characters are considered as good general combiner. The estimate of gca effects (Table 2) showed that the 14 male parents were found to be good general combiner for grain yield plant -1 and UPR-2080-24-1-R was the best combiner among them that possessed significant desirable gca effects for most of the traits viz., early plant vigour (seed length and number of leaves plant -1 ), number of effective tillers plant -1 , spikelets plant -1 and biological yield plant -1 . The parent IR-60076-1-R and PNR-165-10-6-R were good general combiners among males that possessed high GCA effects for seedling length, number of effective tillers plant -1 , grains panicle -1 , spikelet fertility, 1000-grain weight, harvest index, biological and grain yield plant -1 with desirable gca effects for plant height and earliness. As late and tall varieties are preferred to low land ecosystem, the genotype UPR-2080-24-1-R was found suitable for the same and expressed significant and desirable GCA effects for almost all the characters. Among the female parents, IR-58025-A was the best general combiner for biological and grain yield plant -1 along with high GCA effects for seedling length, number of leaves plant -1 , days to 50% flowering, spikelets plant -1 , spikelet fertility, 1000-grain weight and harvest index. Rest of the female parents were poor general combiner for grain yield plant -1 and most of the characters interestingly were those parents identified as short statured and early maturing. It may be suggested that in a multiple crossing programme involving UPR-2080-24-1-R, IR-60076-1-R and PNR-165-10-6-R as parents may to taken up to generate desirable segregates for selection.
The performance of parents per se was an indication of their GCA effects for all the above traits (Kumar et al., 2007) . The behavior of parents was good indication of the performance of their hybrids as reported by Sanghera and Hussain (2012) . Thus, per se performance itself may be regarded as criteria for selecting parents.
Out of 75 crosses, 34 were identified as specific good combinations for grain yield plant -1 (Table 3 ). The promising specific combinations for grain yield along with other traits were IR-58025-A x CSRC-50-2-1-4-BR, NMS-4-A x IR-32419-28-3-1-3-R, PMS-10-A x IR-42688-2-118-6-3-R, and PMS-10-A x UPRI-92-79-R. It was observed that majority of the crosses with SCA effects for grain yield were involved with high/low combinations indicating additive x dominance type of gene interactions for expression of traits. But very few crosses showing low/low general combiners showed high sca effects, suggesting the epistatic gene action which may be due to genetic diversity in the form of heterozygous loci. Also, very few crosses having high/high general combiners showed high SCA effects, which could be ascribed to predominance of additive x additive type of gene action. Thus, in majority of the crosses, high SCA effects for grain yield were attributed to dominance and epistatic gene action and in only few cases attributed to additive interactions, which was also reported by Pradhan et al. (2006) and Pradhan and Singh (2008) .
Desirable SCA effects for days to 50% flowering were IR-58025-A The parents involved in these hybrids were either high x high or high x low with regard to GCA effects. In case of H x H GCA crosses, there are possibilities of complementary epistatic effect acting in the direction of additive effects of the good combiners and can be utilized through single plant selections. The crosses of H x L GCA group with the expression of positive SCA effects may be due to the dominant x recessive interaction, expected to produce desirable segregates and may be improved through population improvement. In case of L x L crosses, with high SCA, non-additive type of variation can be exploited by multiple crosses followed by inter matting among desirable segregates.
CONCLUSION
The acceptable amount of per se performance and SCA effects for yield and other yield contributing traits indicates that hybrids can be commercially exploited in present conditions after screening of F's at different locations and for various seasons. However, the IR-58025-A x CSRC-50-2-1-4-BR, PMS-10-A x IR-42688-2-118-6-3, RPMS-100-A x UPRI-92-79-R and NMS-4-A x IR-32419-28-3-1-3-R crosses were good specific combiners with the high performance and high SCA effects for developing high yielding hybrid rice varieties. *, ** Significant at 5% and 1% probability levels, respectively. 
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